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(57) Abstract 

A method for detecting a specific polynucleotide sequence in a material is disclosed. The method inohides exposing said 
material to an oligonucleotide primer having a sequence complementary to part of said specific polynucleotide sequence wherein 
said primer binds to part of said polynucleotide sequence when present in said material. Primef bound to tite polynucleotide se- 
quence is extended wherein any extended primer includes a detectable element and/or a separation elenfa«k Any extended pri- 
mer is then separated into a fraction wherein said fraction does not have detectable etententnot includacHn srarFextended primer. 
One then determines whether any extended primer is present in said fraction by assaying said fraction ftnr said extended primer 
wherein the presence of said extended primer is indicative of the presence of the specific polynucleotide sequence m said material 
and the absence of said extended primer in said fraction is indicative of the absence of the spectfks polynucleotide sequence in 
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Detection of a Nucleic Acid Sequence or a Change Therein* 
TPchnlcal Field 

This Invention relates to a method for detecting a specific 
polynucleotide sequence in a material, a method for detecting at leas;}: two 
different specific polynucleotide sequences In material having a' plurality 
of different polynucleotide sequences, methods for detecting 'whether a 
specific nucleotide or base Is at a particular position In a specific 
polynucleotide sequence, methods for detecting whether the same or 
different specific nucleotides or bases are at particular positions 1n at 
least two different specific polynucleotide sequences In material having a 
plurality of different polynucleotide sequences, a screening method" for 
detecting the presence of at least two different specific polynucfeoti de 
sequences 1n material having a plurality of different polynucleotide 
sequences and screening methods for detecting whether the sanfe or different 
specific nucleotides or bases are at particular positions in'at least two 
different specific polynucleotide sequences 1n material having ' a : plurality 
of different polynucleotide sequences. 

PftcKgrpunri Art 

At present, the most common technique for the detection of 
polynucleotide sequences 1s hybridisation using oligonucleotide or 
polynucleotide probes. For this technique, the target nucleic aci,d'1s 
usually bound, irreversibly, to a solid support such as cellulose or nylon. 
The labelled probe is then added in solution under hybridising conditions 
and if there is sequence homology between the probe and the target nucleic 
acid, the probe will form a hybrid molecule with the target polynucleotide. 
This hybrid can be detected in a variety of ways such as by radu>labell ing 
or biotin labelling. The disadvantages of this technique are, firstly, 
that it requires considerable operator expertise, secondly, the technique 
is lengthy and time-consuming and thirdly, cannot be easily automated. 
Often the entire procedure can take more than 48 hours. 

The liquid-solid methods normally employed for detecting specific 
nucleic adds in samples Include Southern blot, Northern blot an'd"* dot blot 
hybridisations. These methods are slow, inefficient, technically demanding 
and are not easily automated. The Southern and Northern blot protocols 
have the further disadvantage of inefficient transfer of nucleic acid from 
gel to paper. Other groups have used liquid-solid hybridisations in which 
a capture probe 1s bound to a solid support and the DNA sequence of ." 
interest in the sample becomes bound to the capture probe. An example of 
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thls 1s 1n Australian Patent specification no. AU-70152/87 which describes 
using at least two oligonucleotide probes, which are complementary to 
mutually exclusive regions of the same target nucleic add In a liquid 
hybridisation format to anneal the probes to the target, If it 1s present, 
and detecting the presence of the target by Immobilisation of the two-probe 
target sandwich by one of the probes and subsequent detection of the other 
probe. However, this method requires a second, detector probe to hybridise 
to the DNA sequence of Interest. This step reduces the specificity of the 
assay and subsequently Increases background. The present Invention 
overcomes this problem by Involving only one probe which acts both as 
capture probe and as detector probe. 

In contrast to liquid - solid hybridisation, 1 1qu1d-l Iquld 
hybridisation has very rapid kinetics and Improved sensitivity due to 
greater access of the probe to the target sequence. For example, 
Gene-Probe Inc uses a liquid hybridisation hydroxapatlte method to detect 
DNA sequences. The main disadvantage of this system Is that 1t relies on 
adsorptive discrimination of double-stranded DNA from single-stranded DNA 
sequences rather than sequence-specific separation of hybrid from excess 
probe. The present Invention overcomes these disadvantages by allowing the 
nucleic add hybridisations to occur in solution followed by the removal of 
the "hybrid" molecules onto a solid support matrix. Another potential 
advantage of liquid hybridisation 1s that a generalised solid support can 
work for a multitude of targets 1f the support - binding probes are 
labelled with the same capture molecule. 

Several cases exist (Australian Patent specification nos. 
AU-A-701 52/87, AU-A-26755/88, AU-A-531 05/86, AU-B-89575/82 and 
AU-A-80097/87) which use a combination of two oligonucleotide probes to 
detect specific nucleic acid sequences 1n a sample. All these require the 
use of two short sequences of DNA on the target. These sequences must both 
be conserved 1n all possible target, must be mutually exclusive and 
non-overlapping and must have a similar G+C ratio to enable both probes to 
hybridise to their complementary sequence under the same conditions. 

There Is related background art concerning the use of a capture probe 
to detect the nucleic add sequence of Interest and to remove H from 
solution by binding the hybrid to a solid support matrix (Australian Patent 
specification nos. AU-A-701 52/87, AU-A-531 05/86, AU-A-21 781/88, 
AU-A-69724/87, AU-A-1 4005/88). However, these techniques use separate 
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capture and detector probes, resulting In a number of disadvantages as 
detailed above. The present Invention overcomes these problems by using a 
single capture/detector probe system. 

There are many examples available of attaching non-radioactive 
reporter molecules to DNA, to enable the detection of specific hybrids. 
However, when blotln 1s Incorporated Into the DNA molecule for detection, 
even though several blotln molecules may be Incorporated per target 
molecule (thereby Increasing the sensitivity of detection) the mecMiftsm of 
visualising the Incorporated blotin Is complex and time consuming. 

By contrast, the Incorporation of other non-radioactive reporter 
molecules (such as fluorescent, luminescent, chemi luminescent 'fcflecules) 
enables rapid and simple detection of the target sequence. HowW^r , the 
present art only enables a single reporter moVtcule to be attacfeerd to'each 
target sequence. This fact reduces the overall' sensitivity of the final 
assay. The present Invention overcomes both these problems at one time 
by using a chemi luminescent detection system for simple, raVW detection 
and also by Incorporating several detector molecules into each target, 
thereby significantly Increasing assay sensitivity'. ■•' - 

There is, therefore, a demand for a simple method which 'utilises the 
rapid kinetics of liquid hybridisation, which only requires. a single probe 
for analysis, and which results In stable hybrids thereby aTTb^ng the 
unhybrldlsed material to be easily removed from the sequences to bW c ' 
detected. Accordingly, the present invention provides a liijuVti 
hybridisation system 1n which a single probe hybridises to the sequence of 
Interest and is then covalently extended to produce a stable TrybrTd. This 
hybrid 1s then captured on to a support ma'tH* and subsequently gashed to 
removed unhybrldlsed material. The system described by the present 
invention Is simple, rapid, sensitive, can be read visually or on a simple 
plate reader, and may be readily automated. *W 

In this area of nucleic acid hybridisation there 1s a need to detect 
two broad types of diseases: Infectious and genetic. Ih rel atUo'J, to 
Infectious diseases, a number of DNA based systems have beert Ttef c£ttjeid to 
detect diseases caused by bacteria such as Salmonella, Neissef I4,%arastt1c 
organisms such as Chlamydia and Rickettsiae, viruses such as tepajtV-tts B 
and protozoa such as Plasmodium. However, al'l of these suffer onVpr more 
of the disadvantages listed above. ' ' 

In relation to genetic diseases which are characterised by a mutation 
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(deletion, Insertion, point mutation or translocation), the technology 1s 
less well developed. These types of diseases are currently diagnosed 
either by using restriction fragment length polymorphism (RFLP) analysis or 
by precise hybridisation of short oligonucleotide probes. RFLP detection 
requires that a restriction enzyme site is altered by the mutation and this 
1s not always the case. In addition, RFLP analysis requires the use of 
Southern blot hybridisation for detection. The use of short oligonucleotide 
probes to detect point mutations also has several serious disadvantages. 
In particular, the hybridisation conditions must be precise to ensure that 
a single base-pair mismatch does not result In hybridisation. In practice, 
salt concentration and temperature determine the specificity of the 
hybridisation conditions and these are not easily controlled to the 
required predseness. The present invention overcomes the need for 
Southern hybridisation analysis and for precise control of hybridisation 
conditions. It achieves this by the specific primer probe hybridising to a 
constant section of the gene adjacent to the mutation and allowing the 
enzyme, a DNA polymerase, to extend the DMA chain up to and including the 
nucleotide or base mutation. By manipulation of the dldeoxynucleotlde 
added to the polymerase reaction all of the possible nucleotide changes can 
be detected. 

Detection of both Infectious and genetic diseases requires the 
incorporation of some type of labelled molecule Into the system. Various 
radioactive isotopes or radioactivity labelled compounds may be used as 
labels. However, radioactive labels have several disadvantages, Including; 
CD hazardous, (11) expensive, (11D limited shelf life, <1v) require 
expensive equipment for measuring the signal generated. More recently, a 
range of non-rad1oact1ve substances have been used to detect DNA 
molecules. Examples of non-rad1oact1ve labels are fluorescent, 
luminescent, chemi luminescent, enzymatic or Immunological compounds. 
Labels based on the affinity of biotin and avldln or streptavldln, 
lanthanlde chelates, lectins and proteins may also be used. The preferred 
detection means would be by spectroscopy or photochemistry or by the 
formation of a detectable complex between the label moiety and the 
polypeptide, lectin, or antibody linked to an entity capable of generating 
a detectable change, Including enzymes such as; alkaline phosphatase or 
horseradish peroxidase. 

However, what Is lacking 1n the current technology 1s a single system 
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whlch encompasses: (1) a rapid means of detecting a polynucleotide 
sequence, (11) which 1s sufficiently sensitive to detect low numbers of the 
target sequence 1n the sample and (111) which 1s non-rad1oact1 ve. At 
present, no single system satisfies all these requirements. 

As a final aspect, the need to detect specific polynucleotide 
sequences In a sample requires the organisation of all steps either; (1) 
Into a simple kit format, or (11? Into an automated device,. Whereas both, 
kits and automated machines, are available for detecting proteins by way of 
antibodies, no systems are yet available which simply, rapidly and 
inexpensively detect specific polynucleotide sequences in a sample. 
Objects of Invention 

It is an object of this invention to provide a method for detecting a 
specific polynucleotide sequence In a material. 

Another object 1s to provide a method for detecting at least two 
different specific polynucleotide sequences in material having a plurality 
of different polynucleotide sequences. 

A further object is to provide methods, for detecting whether a 
specific nucleotide or base 1s at a particular position In a specific 
polynucleotide sequence. 

Yet another object 1s to provide methods for detecting whether the 
same or different specific nucleotides or bases are. at particular positions 
1n at least two different specific polynucleotide sequences in material 
having a plurality of different polynucleotide sequences. 

A further object is to provide a screening method for detecting the 
presence of at least two different specific polynucleotide sequences. In 
material having a plurality of different polynucleotide sequences.. 

Another object 1s to provide screening methods for detecting whether 
the same or different specific nucleotides or bases are at particular, 
positions in at least two different specific polynucleotide sequences 1n 
material having a plurality of different polynucleotide sequences* 
Disclosure of Invention 

The following abbreviations and definitions apply throughout the 
specification and claims: 

SP - specific primer: a nucleotide sequence complementary* to a 

portion of the target sequence 
Target - the nucleotide sequence to be detected 1n the sample; can 

be derived from, for example, any infectious or parasitic 
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organlsm Including any virus, fungus, bacteria, 
mycoplasma, nematode, protozoan etc 

Polymerase 

Enzyme - any DNA dependent DNA polymerase or RNA dependent DNA 

polymerase 

dNTP - all four deoxyrlbonucleotldes that Is dATP, dCTP, dGTP and 

dTTP as well as dITP and dUTP 

ddNTP - all four dldeoxyrlbonucleotldes that 1s ddATP, ddCTP, 

ddGTP and ddTTP as well as ddlTP 

D - detector molecule: a molecule which can be covalently 

attached to a nucleotide or nucleotide sequence and that 
can be subsequently assayed for either directly or 
indirectly. For example, blotln; radioisotopes of carbon, 
hydrogen, Iodine, phosphorus and sulphur; any antigen; 
haptens; fluorescent molecules including fluorescein, 
rhodamlne and eosln; enzymes including alkaline 
phosphates, peroxidases and luclf erase; any monoclonal 
antibody 

dNTP-D - a detector molecule covalently bound to one of the four 

deoxyrlbonucleotldes 
C - capture molecule: a molecule which can be covalently 

attached to a nucleotide or nucleotide sequence and that 

will subsequently bind to a specific affinity molecule. 

For example, blotln (binds with avldln or streptavldin) ; 

antibody (binds with antigen); antigen (binds with 

antibody) 

SAM - specific affinity molecule: a molecule that will bind 

specifically with a particular capture molecule. For 
example, avldln or streptavldin; an antibody; an antigen 

SS - solid support: any solid matrix to which the SAM Is 

attached. For example, agarose; polyacryl amide; magnetic 
beads; polystyrene; microtltre plates; nylon; 
nitrocellulose 

Wash - addition and removal of a solution for the purpose of 

removing unreacted molecules 
Stringency - conditions of salt and temperature which affect the 

stability of the hydrogen bonds between two nucleic add 
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molecules. For example, the hydrogen bonds are |ost - 
unstable at high stringency reflecting either *1gh 
temperature or low salt or both. 

any procedure that 1s specific for detecting the detector 
molecule and that can be measured either qualitatively or 
quantitatively 

any one of the four deoxyrlbonucleotldes 1 
any one of the four ribonucleotides oY 
deoxyrlbonucleotldes; In the example Y will form hydrogen 
bonds with X, 1e, a nucleotide sequence of nlrw. t's will 
be complementary to a nucledtlde sequence of 9 X'.s 
any one of the four nucleotides forming a sequence riot 
complementary to the sequence: ' ; ' ! * 

d1deoxythym1d1ne-5'-triphospt>ate: 4o7 hai bfien used 'as 
example as 1t base pairs with A In the target "iequerifce. 
If the base to be detected was C then ddG wouTd 'be u£ed, G 
with ddC and T with ddA. -' ! 

d1 deoxythyml dl ne-5 ' -tr1 phosphate /capture -moTecjh e compl ex : 
ddT has been used as example as 1t base pairs with A in 
the target sequence. If the base to be' detected "Was C 
then ddG would be used, G with ddC and T with SftA. The 
capture molecule 1s covalently attached to <fcl& and., 
represents any one of the capture molecule* desfcfibed 
above. 

means that there are no nucleotides or bases bete^een a 
primer bound to part of a specific jpolynuclieotlide sequence 
and a specific nucleotide or base to be -detected 
means at least a portion of a mixture; resulting; from the 
reaction of an oligonucleotide prlmerCsJ, extending 
reagents, specific polynucleotide sequence (sft, /detectable 
element(s) and/or separation elements 

means at least one nucleotide or base between at primer 
bound to part of a specific polynucleotide sequence and a 
specific nucleotide or base to be detected V'--"- 
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primer - a single stranded nucleic add molecule with a typical 

length of 5 to 60 nucleotides but can be 200 or more 
nucleotides which has a sequence complementary to part of 
the polynucleot1<h; sequence to be detected 

specific 
polynucleotide 

sequence - a partly or completely known sequence of nucleotides 
hybridisation - the physical association of the oligonucleotide primer 

with the complementary region of the target polynucleotide 
sequence to form a double stranded hybrid nucleic add 
molecule 

An Interfering detectable and/or separation element 1s, for instance, 
one which Is the same as that which is incorporated at the position 
complementary to the specific nucleotide or base to be detected, eg: 
(A) Consider a single nucleotide or base N 1 to be detected in a 
specific polynucleotide sequence Sj. Assume there is a bound 
oligonucleotide primer having a sequence complementary to part 
of S-j and which 1s bound to Sj. Assume there are intervening 
nucleotides N A , Ng and N c between P 1 and Hy Extend P 1 
up to and including N 1 with complementary nucleotides to N A , 
Ng, N c and N r namely, N D , Ng, N p and N 2 -S 1 CS 1 
corresponding to a separation element) respectively; then the 
following conditions are required: 

and N 2 to be detected in two 
different specific polynucleotide sequences S 1 and S 2 - Assume 
there are two different oligonucleotide primers Pj and P 2 (bound 
to S.j and S 2 respectively) having sequence complementary to part 
of S 1 and S 2 - 

Assume there are intervening nucleotides N A , N Q and N c between 
Pj and and intervening nucleotides N^, Ny and between P 2 
and N 2 - Extend (a) Pj up to and Including with complementary 
nucleotides to N A , Ng, Nq and N 1 , namely, Np, N^, Np and 
N 3 -D^ <0j corresponding to a detectable element) respectively; and 
<b> P 2 up to and including N 2 with complementary nucleotides to N x , 

-D, (D, 
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corresponding to another detectable element); 
then the following conditions are required: 
If N, - N- and D, - D, 



If N, does not 



"X 

If N. does not 



cannot be N. 



cannot be N 1 or N 2 

equal N 2 D ] does not equal D 2 

cannot be 

cannot be N> 



According to a first embodiment of this Invention there' is provided a 
method for detecting a specific polynucleotide sequence in a material 
comprising: 

a) exposing said material to an oligonucleotide primer having a sequence 
complementary to part of said specific polynucleotide sequence 
wherein said primer binds to part of said polynucleotide sequence 
when present 1n said material; 

b) extending primer bound to the polynucleotide sequence wherein any 
extended primer includes a detectable element and/or a separation 
element; '. v tr- 

c) separating any extended primer Into a fraction wherein said fraction 
does not have detectable element not included in said extended ; 
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prlmer; and 

d) determining whether any extended primer 1s present tn said fraction 
by assaying said fraction for said extended primer wherein the 
presence of said extended primer 1s Indicative of the presence of the 
specific polynucleotide sequence 1n said material ..nd the absence of 
said extended primer in said fraction 1s indicative of the absence of 
the specific polynucleotide sequence In said material. 
According to a second embodiment of this invention there is provided 

a method for detecting at least two different specific polynucleotide 

sequences 1n material having a plurality of different polynucleotide 

sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present in said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide primer(s); 

b) extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer includes a detectable element and/or a separation element; 

c> separating any extended primers Into at least one fraction wherein 
said fractlon(s) does not have detectable element not Included in 
said extended prlmer(s); and 

d) determining whether any extended primers are present in said 

fraction(s) by assaying said fractlon(s) for at least one of said 
extended primers wherein the presence of said extended primer(s) Is 
Indicative of the presence of at least one of the different specific 
polynucleotide sequences In said material and the absence of said 
extended pr1mer(s) 1n said fractlon(s) Is Indicative of the absence 
of at least one different specific polynucleotide sequence In said 
material. 

According to a third embodiment of this Invention there is provided a 
method for detecting whether a specific nucleotide or base 1s at a 
particular position In a specific polynucleotide sequence in material 
comprising: 
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a) exposing said materia? to an oligonucleotide primer havlag a sequence 
complementary to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide, sequence in 
said material Immediately adjacent to the particular position; 

b> extending primer bound to the specific polynucleotidtf-sec^noe with 
the proviso that the bound primer 1s only extended up' to 'and 
Including said specific nucleotide or base when sat a* Vpecif 1c 
nucleotide or base Is at the particular position In the specific 
polynucleotide sequence wherein the extended primer has a detectable 
element and/or a separation element at a position compleiijfcntary to 
said specific nucleotide or base; 

c) separating any extended primer into a' fraction wherein said fraction 
does not have detectable element not included in said extended 
primer; and ' 

d) determining whether any extended primer Is present 1n said fraction 
by assaying said fraction for said extended primer where i ft" the 
presence of said extended primer Indicates that the specific 
nucleotide or base 1s at the particular position in the specific 
polynucleotide sequence and the absence of said extended primer 
indicates that the specific nucleotide or base is not at the 
particular position 1n the specific polynucleotide sequence:. 
According to a fourth embodiment of this invention ther^ jt-s provided 

a method for detecting whether the same or different specific nucleotides 
or bases are at particular positions In at least two different $p%c1fic 
polynucleotide sequences In material having a plurality of different 
polynucleotide sequences comprising: *''.*S'-V 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers ^having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers BJntfs to Its 
complementary polynucleotide sequence when present in* salt! material 
each of said oligonucleotide primers blndtng to part of *' different 
specific polynucleotide sequence to that of -the other p,r1mer<s> and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence In said material Immediately adjacent to the 
particular position; " ' ' * 

b) extending said different oligonucleotide prfmers bodnJ"to r their 
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Interferlng detectable and/or separation element; 
c) separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not Included 
1n said extended primer; and 
d> determining whether any extended primer Is present In satd fraction 
by assaying said fraction for said extended primer wheretn the 
presence of said extended primer Indicates that the specific .. 
nucleotide or base 1s at the particular position 1n the^specific 
polynucleotide sequence and the absence of said extended iprimer 
Indicates that the specific nucleotide or base is not at the 
particular position 1n the specific polynucleotide sequence. 
According to a sixth embodiment of this invention ther* fs provided a 
method for detecting whether the same or different specific nucleotides or 
bases are at particular positions In at least two different specific 
polynucleotide sequences in material having a plurality of different - 
polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of srald different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not immediately accent to the 
particular position whereby there Is an intervening se(fuence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present in said material path of said 
oligonucleotide primers binding to part of a different s|H*c1f1c 
polynucleotide sequence to that of the other primerCs); ^ '' 

b) extending said different oligonucleotide primers bound to5 their 
complementary polynucleotide sequences wherein each of the bourtd 
primers is only extended up to and including the particular position 
when said specific nucleotide or base Is at the parttculan* .position 
in the specific nucleotide sequence wherein each of said -extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or bas£ with the 
proviso that the Intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences ari##h1ch are 
incorporated into the extended prlmer(s) cause Incorporate^ of 



WO 90/09455 



PO7AU90/00058 



-14- 

Interfering detectable and/or separation element(s) ; 

c) separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position Into at least 
one fraction wherein said fractlon(s) does not have detectable 
element not Included In said extended primers; and 

d) determining whether any extended primers are present 1n said 
fract1on<s> by assaying said fract1on<s) for said extended prlmer(s) 
wherein the presence of an extended pr1mer(s> Indicates that at least 
one specific nucleotide or base 1s at a particular position 1n a 
specific polynucleotide sequence and the absence of said extended 
pr1mer(s> 1n a fraction indicates that at least one specific 
nucleotide or base 1s not at a particular position 1n at least one 
different specific polynucleotide sequence. 

According to a seventh embodiment of this invention there 1s provided 
a kit for detecting a specific polynucleotide sequence in a material 
comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
said specific polynucleotide sequence; 

b) polymerase enzyme for extended the oligonucleotide primer; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddlTP and ddTTP; 
and 

d) a detectable element and/or separation element which Is optionally 
attached to the oligonucleotide primer or one or more of the 
nucleotides. 

According to an eighth embodiment of this invention there 1s provided 
a kit for detecting at least two different specific polynucleotide 
sequences in a material having a plurality of different polynucleotide 
sequences comprising: 

a) at least two different oligonucleotide primers each of said primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences; 

b) a polymerase enzyme(s) for extended the different oligonucleotide 
primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddlTP and ddTTP; 
and 
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d) a detectable element and/or separation element which Is optionally 
attached to the oligonucleotide primers or one or more iff. 'the 
nucleotides. 

According to a ninth embodiment of this Invention there Is provided a 
kit for detecting whether a specific nucleotide or base 1s a%« particular 
position 1n a specific polynucleotide sequence In a material comprising: 

a) an oligonucleotide primer having a sequence csanplementa.ry. ; to part of 
the specific polynucleotide sequence wherein said primer hinds iso 
part of said specific polynucleotide sequence imm&tf lately Jadjacent to 
the particular position; . - .. ..v' - 

b) a polymerase enzyme for extended the oligonucleotide, prime*?.; 

c) one nucleotide selected from the group consisting of dAl3>£ d€TP, 
dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP antLjldTIP with the 
proviso that said nucleotide is selected whereby bound* prfenar is only 
extended up to and including said specific nucleot1de^pr?i«s^ :J When 
said specific nucleotide or base Is at the particular position in- the 
specific polynucleotide sequence; and 

d) a detectable element and/or separation element- where by extended 
primer has a detectable element and/or a separation* element at a 
position complementary to said specific nucleotide or tuts e- -and a 
detectable and/or separation element optionally attached to the' 
oligonucleotide primer. > 
According to a tenth embodiment of this invention there t$ .provided a 

kit for detecting whether the same or different specific nucleotides or 
bases are at particular positions in at least two different specific 
polynucleotide sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers each of sal* primers 
having a sequence complementary to part of one of salehjspwif i c 
polynucleotide sequences wherein each of said primers b1»cte to Its 
complementary polynucleotide sequence when present in salcj^materlal 
each of said oligonucleotide primers hlndlng to part of a : different 
specific polynucleotide sequence to that of th© other printer<s> and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence in said material immediately adjacent to the 
particular position; • - • . ; • 

b> a polymerase enzyme(s) for extending the different ol 1 g»nucleot1 de 
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primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP 
with the proviso that said nucleotide 1s selected whereby bound 
primer 1s only extended up to and Including said specific nucleotide 
or base when said specific nucleotide or base 1s at the particular 
position In the specific polynucleotide sequence; and 

d> at least one detectable element and/or separation element whereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to an eleventh embodiment of this invention there is 
provided a kit for detecting whether a specific nucleotide or base 1s at a 
particular position 1n a specific polynucleotide sequence 1n a material 
comprising: 

a> an oligonucleotide primer having a sequence complementary to part of 
the specific polynucleotide sequence wherein said primer binds to 
part of said specific polynucleotide sequence not Immediately 
adjacent to the particular position whereby there 1s an intervening 
sequence between the particular position and primer bound to the 
specific polynucleotide sequence; 

b) a polymerase enzyme for extended the oligonucleotide primer; 

c) one nucleotide selected from the group consisting of dATP, dCTP, 
dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP with the 
provision that said nucleotide 1s selected whereby bound primer 1s 
only extended up to and including said specific nucleotide or base 
when said specific nucleotide or base is at the particular position 
In the specific polynucleotide sequence with the proviso that the 
Intervening sequence cannot be one where bases or nucleotides 
complementary to the Intervening sequence and which are incorporated 
Into the extended primer cause Incorporation of an interfering 
detectable and /or separation element; and 

d) a detectable element and/or separation element whereby extended 
primer has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base and a 
detectable and/or separation element optionally attached to the 
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ollgonucleotide primer. 

According to a twelfth embodiment of this Inventton there Is provided 
a kit for detecting whether the same or different specific nucleotides or 
bases are at particular positions 1n at least two different specific 
polynucleotide sequences 1n material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers each; of .'said .primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers blntfsf to its 
complementary polynucleotide sequence when present 1n said material 
each of said oligonucleotide primers binding to part of a.different 
specific polynucleotide sequence to that of the other prlmer(s) and 
wherein each of said primers binds to its complementary specific 
polynucleotide sequence In said material not immediately 'id^tceht to 
the particular position whereby there is an intervening sequence 
between the particular position and primer bound to the specific 
polynucleotide sequence; 

b) a polymerase enzyme<s> for extending the different oligonucleotide 
primers; - - 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, ddATP. ddCTP, ddGTP Qti ddTTP 
with the proviso that said nucleotide 1s selected whereby ''bound 
primer 1s only extended up to and Including said specific "nucleotide 
or base when said specific nucleotide or base is at the- particular 
position 1n the specific polynucleotide sequence with the' proviso 
that the Intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
Incorporated Into the extended primer(s) cause Incorporation of an 
Interfering detectable and/or separation elementCs); artd 

d> at least one detectable element and/or separattoo element thereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to a thirteenth embodiment of this invention there is 
provided an apparatus for performing the method of any one of tfie . 
embodiments of the invention comprising: ' .•■ ' 
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a reactor; 

means for adding oligonucleotide primer and reagents for extending 
said primer to said reactor, said means for adding being operatlvely 
associated with the reactor; 

means for separating extended primer Into at least one fractlon(s) 
and for holding said fractlon(s), said means for separating being 
operatlvely associated with the reactor; and 

a detector for detecting the presence of any extended prlmer(s) 1n 
said fractlon(s), said detector being operatlvely associated with 
said means for separating. 

According to a fourteenth embodiment of this invention there 1s 
provided a screening method for detecting the presence of at least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present 1n said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide pr1mer(s); 

b) extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer Includes a detectable element and/or a separation element; 

c) separating any extended primers into a fraction wherein said fraction 
does not have detectable element not included 1n said extended 
primer(s); and 

d) determining whether any extended primers are present 1n said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of any one of said extended primers 1s Indicative of the 
present of at least one of the different specific polynucleotide 
sequences In said material and the absence of all of said extended 
pr1mer<s> 1n said fraction 1s Indicative of the absence of all of the 
different specific polynucleotide sequences 1n said material. 
According to a fifteenth embodiment of this Invention there 1s 

provided a screening method for detecting whether the same or different 
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spedflc nucleotides or bases are at particular positions 1n at least two 
different specific polynucleotide sequences 1n material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different ol igonuCleotlde 
primers each of sal- 1 different oligonucleotide primers paying a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers bltidi to Its 
complementary polynucleotide sequence when present in 'Said material 
each of said oligonucleotide primers binding to part' of^a, ''different 
specific polynucleotide sequence to that of the other #iiiierts) and 
wherein each of said primers binds to its complementary specific 
polynucleotide sequence 1n said material immediately adjacent to the 
particular position; - "h: [k 

b) extending said different oligonucleotide primers b&und to^their 
complementary polynucleotide sequences with flie proviso' that each of 
the bound primers Is only extended up to and Including tn|v particular 
position when said specific nucleotide or base is at the particular 
position in the specific nucleotide sequence "wherein ^ach^of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide" or base; 

c) separating any extended primer(s) which has extended^ onTy iiip to a 
specific nucleotide or base at a particular position Vrtto^a fraction 
wherein said fraction does not have detectable element riot'incTuded 
in said extended primer; and 

d> determining whether at least one extended primer is preserit In said 
fraction by assaying said fraction for all df said expended primers 
wherein the present of an extended primer"! ndlcates that at le^st one 
specific nucleotide or base 1s at a particular position In a specific 
polynucleotide sequence and the absence of all sa'ld extended k primers 
In said fraction Indicates that at least one slteclfle Nucleotide or 
base 1s not at a particular position 1rv*ny of the different specific 
polynucleotide sequences. 

According to a sixteenth embodiment of this invention there is 
provided a screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions in at. feast two 
different specific polynucleotide sequences 1n material havit^ a plural 1ty 
of different polynucleotide sequences comprising: ' ' 
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a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not Immediately adjacent to the 
particular position whereby there 1s an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present 1n said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of the other prlmer(s); 

b) extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences wherein each of the bound 
primers 1s only extended up to and including the particular position 
when said specific nucleotide or base Is at the particular position 
in the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
Incorporated into the extended prlmer(s) cause Incorporation of 
interfering detectable and/or separation element(s); 

c) separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not included 
In said extended primers; and 

d) determining whether any extended primers are present In said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer Indicates that at least one 
specific nucleotide or base 1s at a particular position 1n a specific 
polynucleotide sequence and the absence of any extended primer 
Indicates that a specific nucleotide or base Is not at a particular 
position in any of the different specific polynucleotide sequences. 
Generally the method for the detection of a nucleotide sequence or 

nucleotide change In a nucleotide sequence uses: 

a nucleic add primer specific to part of a partly or wholly known 
nucleotide sequence to be detected or specific to part of a partly or 
wholly known nucleotide sequence which is Immediately adjacent to the 
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nucleotide or base change to be detected or specific to part of a 
partly or wholly Known nucleotide sequence which Is not Immediately 
adjacent to the nucleotide or base change to be detected but has an 
intervening sequence between the bound primer and the nucleotide or 
base change to be detected 

extension of the primer catalysed by a nucleleadd polymerase enzyme 
either (1) the attachment of a capture molecule at the S l end of the 
specific primer, addition of the target sequence under hybridisation 
conditions and the incorporation of a detector mblecule(s> In the 
enzyme catalysed extended primer or (11) the attachment of a detector 
molecule at the 5' end of the specific primer, addition of the : target 
sequence under hybridisation conditions and the incorporation of a 
capture molecule(s) in the enzyme catalysed extended primer 
capture of the extended primer using a specific affinity molecule 
attached to a solid support 
assay for the detector molecule 

Advantageously, for the first, second/seventh and elghth'erobodiments 
extending the primer comprises using at least one nucleotide selected from 
the group consisting of dATP. dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, 
ddGTP, ddlTP and ddTTP. Typically two to four different nucleotides, and 
especially four different nucleotides are used. 

Generally, for the third, fifth, ninth and eleventh embodiments 
extending the primer comprises using one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, 1 ti^GTP, 
ddlTP and ddTTP. Typically one nucleotide selected from "the group 
consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTP 1s used. 

Typical ly* for the fourth, sixth, tenth and twelfth embodiments 
extending the primer comprises using at least one nucleotide seTectecl from 
the group consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, 
ddGTP, ddlTP and ddTTP. Generally at least one nucleotide selected from 
the group consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTP 1s used. 

In addition to a nucleotlde(s) also typically used In extending the 
primer are at least one appropriate polymerase enzyme and appropriate 
buffering agent. 

Examples of polymerase enzymes are E.coll DNA polymerase,^, coll DNA 
polymerase (Klenow fragment), Bacteriophage T7 DNA polymerase, 
Bacteriophage T4 DNA polymerase, Taq DNA polymerase and AMY Reverse 
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transcrlptase. 

Buffering agents which buffer aqueous solutions between pH 6 - 8.5 
are generally suitable for use with a polymerase enzyme to extend the 
primer. Generally a magnesium salt (eg MgCl 2 or MgS0 4 ) Is Included 
with the buffering agent. A total salt concentration betwec > 50 and 300 mM 
1s generally acceptable. 

Temperature of the extending reaction is chosen according to the 
polymerase enzyme used and 1s typically 1n the range 25-80°C, more 
typically 30-70°C. 

It Is preferred that at least one of the nucleotides has the 
detectable element. 

Alternatively, or In addition, the detectable element Is linked to 
the oligonucleotide primer. 

Typically, the detectable element 1s a radioactive label selected 
from the group consisting of 3 H, 125 I, 131 I, 14 C, 35 S and 32 P. 

The detectable element may be non- radioactive and generally 1s 
selected from the group consisting of an enzymatic group, an immunological 
group, and a spectroscoplcal ly detectable group. The spectroscoplcally 
detectable group may be a luminescent group, a cheml luminescent group, an 
NMR detectable group, a fluorescent group or an 1R detectable group. 

Advantageously, the extended primer includes a separation element 
which facilitates the separation of the extended primer Into the first 
fraction. 

Generally, the specific polynucleotide sequence 1s a DNA sequence or 
an RNA sequence. 

The specific polynucleotide sequence may be from an Infectious or 
disease causing organism which may be live or non-viable viral, bacterial, 
fungal or Protozoan. 

The extending may include: 

adding a plurality of nucleotide types to said primer bound to the 
polynucleotide sequence to extend said primer; or 

adding a single nucleotide type to said primer bound to the 
polynucleotide sequence to extend said primer (third, fifth, ninth and 
eleventh embodiments); or 

adding at least one single nucleotide type to said primer bound to 
the polynucleotide sequence to extend said primer. 

In one particular method of the invention the exposure and primer 
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extenslon steps occur before the separation step. 

In one form of this Invention, the separation element. Is Linked to 
the oligonucleotide primer. Alternatively, the extended primer? Includes a 
separation element which facilitates separation of extended primer from the 
mixture Into the first fraction and wherein at least one of sjs.ltfe 
nucleotides has the separation element. 

In one form of the invention, the separation step comprises: 

contacting any extended primer with a molecule having affinity for 
the separation element, the molecule being linked to a support tha?t . 
facilitates the separating; and separating the contacted extended-' primer(s) 
to provide the fraction. ' • ><•': y 

Advantageously, the separation element and the molecule are selected 
from the group listed Immediately below: '> v <s. . > 

Separation Element 
(a) a llgand for which 
there is a 
receptor; 
(b> a receptor; 
<c) an antigen; 
(d> an antibody for 
an antigen; 
<e> an ant1 Idiotypic 

antibody; 
<f> an antibody for an 
anti idiotypic antibody; 
(g) a haptenic group; 
<h) an antibody for 
a haptenic group; 
(1) an enzyme; 
<j> a binding 
Inhibitor for an enzyme 

Typically, the separation element and the molecule are selected from 
the group listed below: . * : a ! 



Molecule Having Affinity for Separation Element 
a receptor for the llgand; ? 



the Ugand for the receptor; 

an antibody for the antigen; * : v v 

the antigen; 

an antibody for the antttdiotyple ■<> 
antibody; > z-.t 
an anti idiotypic antibody for the i- 
antibody; > •:. 

an antibody for thev haptenic group; 
the haptenic group; •• 

a binding inhibitor for the enzyjje; s «*d 
the enzyme. 
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Separatlon Element 
<a) a llgand for which 
there 1s a specific 
receptor; 

<b) a specific receptor; 
<c) an antigen; 

(d) a specific antibody for 
an antigen; 

(e) an ant1 idiotypic 



an antibody specific for the ant1 Idiotypic 
antibody; 



the llgand for the specific receptor; 
a specific antibody for the antigen; 
the antigen; 



Molecule Having Affinity for Se paration F1 P mp n t 
a specific receptor for the llgand; 



antibody; 
(f) an antibody for an 
ant1 Idiotypic antibody; 
(g> a hapten 1c group; 
<h> a specific antibody for 
a hapten 1c group; 
(1) an enzyme; 
(j) a tight binding 



a tight binding inhibitor for the enzyme; and 
the enzyme. 



an anti idiotypic antibody specific for the 
ant1 body ; 



a specific antibody for the haptenlc group; 
the hapten 1c group; 



Inhibitor for an enzyme; 

Typical examples of ligands for which there are available receptors 

are: 

a vitamin such as blotln, a sugar molecule such as glucose or 
mannose, a hormone such as adrenalin or cortisone and a steroid such 
as progesterone or testosterone. There are numerous types of ligands 
which have available receptors and the preceding list 1s given by way 
of exemplification only. 

The separation typically Includes a solid support which is typically 
selected from the group consisting of latex, magnetic beads, 
nitrocellulose, agarose, cellulose, polyacryl amide, nylon, glass and 
polystyrene. 



1. General Advantages 

A particular advantage of the method of the Invention 1s that the 
system combines separation and detection elements on the one 
oligonucleotide after primer extension. Most other systems require the use 
of a capture probe and a detector probe. 

A further advantage 1s that the system depends on the enzyme driven 
extension of the primer to Incorporate a separation or detection element or 
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elements (depending on configuration) and the the element or elements are 
therefore covalently attached to the specific primer*. Because of this 
covalent attachment, washing steps can be performed at very high stringency 
which results 1n reduced background and Increased specificity. 

Another advantage 1s that the method of the Invention can be .easily 
automated. ' • 

In the method of the Invention the steps can be incorporated into a 
simple kit format. - 

A further advantage Is that an oligonucleotide primer having a 
sequence complimentary to a conserved or variable region of th£ \genome of 
the organism of Interest can be used and thus can be 'designed for high" or 
low specificity (I.e., genus specific, species specific or stfainjpeclf ic) . 
a rapid and sensitive method for the detection of specific polynucleotide 
sequences or nucleotide changes 1n specific polynucleotide sequences using 
a single oligonucleotide probe. 

Generally In the method of the Invention the detectable "hybrid is 
captured by a solid matrix to allow washing away of unincorporated ^ 
detectable element. While this 1s not a difficult step 1t does add to the 
time required for processing. The step can be overcome by choosing a 
detectable element whereby any unincorporated detectable element can be 
simple inactivated and left 1n the reaction mix, rather thattffeytng to be 
physically removed. " '* 

Generally, a detection sensitivity In the order of 10 3 -' < ld 4 
genome copies Is quite adequate for detecting a wide range of virjjs, 
bacterial and parasitic organisms which are usually present in moderate to 
high numbers in their respective disease states. For defect diseases in 
which the infectious agent is present only in very low numbers (e.g. HIV) 
the method of the invention can make use of the technique of polymerisation 
chain reaction (PCR) which Is effectively an amplification step, which 
results 1n an Increase in sensitivity. 

2. Infectious Disease Diagnosis Advantages • : ^ ,. . 

The method of the invention permits the rapid, simple and : 
non-hazardous detection of specific polynucleotide sequences 1n samples of 
biological material especially infectious agents. The detectable sequence 
may be part of an Infectious organism such as a virus, bacterium, Protozoan 
or fungus, or part of a gene 1n which an abnormality results in a genetic 
disorder: for example, sickle-cell anemia, cystic fibrosis, c '> 
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a-thalassemia or p~thalassem1a. 

Non-viable organisms can be detected using the method of the 
Invention. 

A further advantage is the method can use a mixture of 
oligonucleotide primers for the detection of a battery of agents suspected 
of causing a broad range of disease states (e.g., pneumonia; mycoplasma, 
chlamydia, streptococcus, leglonella, RSV). 

3. Genetic Disease Diagnosis Advantages 

The method can be used for the rapid detection of an altered 
nucleotide base (point mutation) and for the detection of the Insertion or 
deletion of one or more nucleotides In a polynucleotide sequence. In this 
Instance the genetic change has to be known and characterised at the DNA 
sequence level. 

The detection of a single or more base changes can be automated. 

The method can be adapted to large scale screening for single (or 
more) nucleotide changes. This 1s particularly Important In screening for 
genetic diseases such as cystic fibrosis but can also be adapted to the 
differentiation of alleles not necessarily Involved In gene expression such 
as used for DNA profiling. 

This particular method does not Involve solid-liquid hybridisation, 
precise liquid hybridisation conditions and is not technically demanding. 
Other systems, such as Southern blot hybridisation, require that the target 
polynucleotide sequence Is linked to a solid support (technically 
demanding) and/or the use of oligonucleotide probes that require precise 
hybridisation conditions. These systems cannot be automated and are not 
easily adapted to large scale screening. 

Brief Description of Drawings 

Preferred embodiments of the invention are now described with 
reference to the following drawings 1n which: 

Figure 1 1s a schematic drawing of a method for detecting a specific 
polynucleotide sequence; 

Figure 2a is a schematic drawing of a method for detecting a specific 
polynucleotide sequence using a separation element which links to the 
oligonucleotide primer portion of an extended primer; 

Figure 2b 1s a schematic drawing of a method for detecting a specific 
polynucleotide sequence using a separation element which links to the 
extended portion of an extended primer; 
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Figure 3a 1s a schematic drawing of a method for detecting a- 
nucleotide or base change using a separation element which links to the 
oligonucleotide primer portion of an extended primer; . j ... . 

Figure 3b is a schematic drawing of a method for detecting" a 
nucleotide or base change using a separation element which links to- t^e 
extended portion of an extended primer; V " 1 - 

Flgure 3c 1s a schematic drawing of a method for detecting* a/ 
nucleotide or base change using a detectable element linked to the extended 
portion of an extended primer; ^ '^f. 

Figure 4 shows an autoradlograph used to verify the size of Jhe 
extended oligonucleotide produced 1n the third example of thj. r jnvefttlbn; and 

Figure 5 is a schematic depiction of an apparatus for pir?6r^lnf any 
one of the methods of the Invention. -A". 

Best Mode and Other Modes of Carrying out i ^he" Invention \ 

There are four especially preferred applications of 'the' method^ of 
the invention, that 1s, <1> the detection of a specific nucleotide, sequence 
(major application: Infectious diseases) (11) the detection o¥'a nucleotide 
or base change (major applications: genetic diseases and DNA „ f 
fingerprinting) (111) the detection of multiple specific nucleotide 
sequences using different capture molecules (major SpplUatl on: Multiple 
infectious diseases) and (1v> detection of multiple nucleotide or base 
changes in different polynucleotide sequences (major applications: multiple 
genetic diseases and DNA fingerprinting). A s'ingW apparatus -(with minor 
modifications) 1s suitable for use with all applications. £ -' 

1. Detection of ft specific nucleotide sequence . 

Referring to Figure 1, a method for detecting a specific > 
polynucleotide sequence first involves the synthesis ot at\jbTfgo4*ucleot1de 
primer complementary to the target polynucleotide sequence. :'t^e;l^pt1 mum 
length of the primer depends on the length of the most conserved!" sequence 
in the polynucleotide sequence to be detected up to * maxifiiuai length of 30 
nucleotides. ■ '' 

The specific primer 1s preferably attached to an Inert solid support, 
using the method of Ashley and MacDonald (1984). An^ inert- support 
particle to which small DNA molecules can be attached can be used, f of 
Instance cellulose or nylon. The polynucleotide sequence to' b^. detected 1s 
added to the support - specific primer conjugate in the presence of a . 
solution that promotes rapid hybridisation between the specific primer, and 
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the polynucleotide sequence. One appropriate solution contains 0.15M 
sodium chloride, 0.015M sodium citrate and 4% polyethylene glycol 6000. 
The support 1s then washed. 

The choice of washing buffer determines the stringency conditions. A 
standard buffer is 140mM sodium chloride, 15mM sodium citrate and 20mM 
sodium phosphate, pH 7.0. 

The specific primer Is extended using either DNA polymerase I (Klenow 
fragment) or reverse transcriptase in the presence of the four 
deoxyribonucleotides, one of which 1s labelled, radloactlvely, with blotin 
or with a fluorescent label. The length of extension depends upon the time 
and temperature of the extension reaction providing all chemicals are in 
non-limiting concentration. 

Generally the reaction is carried out at 37*C for 30 minutes and the 

32 

label is P. The level of incorporation of labelled nucleotide into 
the extended primer 1s measured by liquid scintillation when the label is 
32 P. 

Alternatively the label can be a fluorescent label. 

Following primer extension the mixture is washed and assayed for 
presence of the label. 

The presence of label after the final wash indicates that the primer 
has been extended, and that, therefore, the nucleic add whose presence 1s 
being assayed 1s present. The specific primer can only be extended using 
the nucleic add to which 1t Is complementary as template. 

In summary this method involves the following steps: 

the synthesis of a specific primer complementary to part of a known 

or partly known nucleic add sequence, the target. 

the attachment of a capture (Configuration A - Figure 2a) or detector 

(Configuration 6 - Figure 2b) molecule to the 5* end of the specific 

primer 

the hybridisation, In solution, of this specific primer to the target 
nucleic add sequence 

the addition to the solution of the four deoxyribonucleotides and 
either a DNA dependent DNA polymerase (if the target is DNA) or a RNA 
dependent DNA polymerase (if the target Is RNA) under conditions 
suitable for the enzymatic extension of the specific primer. One or 
more of the deoxyribonucleotides has covalently attached to 1t a 
detector molecule (Configuration A) or a capture molecule 
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(Conflguratlon B) v 
the polymerase enzyme extends the primer using the target auclelc 
add as a template and simultaneously Incorporates either * detector 
or a capture molecule Into the extended primer 

the reaction can be heat denatured and the cycle repeated >±o amp! Ify 
the amount of extended specific primer 

for Configuration A, the specific affinity molecule (attached to a 
solid support) is added to the solution under, conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B, the extended specific primer 1s precipitated 
with ethanol , washed to remove unincorporated deoxyribonucleoti de- 
capture molecule complex. After washing, the extended specific 
primer is resuspended 1n a solution conducive to the binding of the 
capture molecule to the specific affinity molecule. The specific 
affinity molecule (attached to a solid support) is then adsted 
once the extended specific primer 1s attached to the specific 
affinity molecule-solid support complex via the capture molecule, the 
mix 1s washed extensively under high stringency conditions 
at the conclusion of the washing step, the mix is assayed using a 
procedure appropriate for detecting the detector molecule r V 
2. Detection of a nucleotide or b ase change 

This method Involves the following strps: * 
the synthesis of a specific primer complementary to part of a known 
or partly known nucleic acid sequence, the target. The specific 
primer sequence 1s complementary to the target sequence either 
immediately adjacent to but not including the single nucleotide or 
base to be. detected or not immediately adjacent to the"singje 
nucleotide or base to be detected but having an intervening sequence 
between the bound primer and the nucleotide or base to^be detected 
the attachment of a capture (Configuration A - Figure 3a) or detector 
(Configuration B - Figure 3b) molecule to the 5' end of the specific 
primer. For Configuration C (Figure 3c), neither a capture or 
detector molecule are attached to the speclfttupHmer at the 5' end 
the hybridisation, 1n solution, of this specific primer Jo the target 
nucleic acid sequence 

the addition to the solution of only one type of didedjeyf tbo- 
nucleotide <or deoxyrlbonucleotide) , that ts, the one which can pair 
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for detecting the detector molecule. Labelled size standards are 
normally Included 1n another lane of the gel. * 

3. Detection of Multiple Specific Nucleotide Sequences using 6\r4wenf_ 
Capture Molecules, 1e Multiple Infectious Diseases • -•• 

This method Involves the following steps: 

the synthesis of multiple different specific primers each of which 1s 
complementary to a different known nucleic, add sequence,, the. targets 
the attachment of different capture molecules to the 5* end, of the 
different specific primers .«i . w 

the hybridisation, In solution, of these different specific "primers 
(with attached different capture molecules) to the different target 
nucleic acid sequences to which the different specific Rimers are 
complementary ... 
the addition to the solution of the four deoxyrlbonucltecvtldes a>ral 
either a DNA dependent DNA polymerase (1f the targets ar* all DMA), 
or a RNA dependent DNA polymerase <1f the targets are all #A) or 
both polymerases Of the targets are a mixture of both-DJIA and J&A) 
under conditions suitable for the enzymatic extension of -thfe ; specif ic 
primers 1f these specific primers are hybridised with their 
complementary target nucleic add sequence. 'One or more of the 
deoxyribonucleotldes has covalently attached to 1t a detect molecule 
the polymerase enzyme(s) extends the different specific pffmer using 
the different target nucleic add sequences as a templates and 
simultaneously Incorporates a detector molecule Into the extended 
primers <v 
the reaction can be heat denatured and the cycle repeated to-amplify 
the amount of different extended specif Ic^prlmers " 
different specific affinity molecules (whlch'have specific affinity 
for the different respective capture molecules and are attached to 
solid supports such as "test strips") are added. 4a the solfctYpn under 
conditions conducive to the binding of the different capture molecule 
to their different specific affinity molecule 

once the different extended specific primers^re attatfoetj to their 
specific affinity molecule-solid support complexes via the different 
capture molecules, each different complex 1r removed. Individually 
with the appropriate test strip which subsequently 1s-wa.shexl 
extensively under high stringency conditions - : 
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at the conclusion of the washing step, one of the test strips 1s 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the assay 
indicates that the detector molecule 1s present on the test strip 
then this is Indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule 1s 
present 1n the test sample. If the assay Indicates that no detector 
molecule is present on the test strip then this is indicative that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule is not present 1n the test sample 
the procedure of the last step 1s repeated for each of the test strips 
4, Detection of a multiple nucleotide or base changes 1n different 

polynucleotide sequences. 1e multiple genetic defects or diseases 

or genetic fingerprinting 
This method involves the following steps: 

the synthesis of a multiple different specific primers each of which 
1s complementary to a different known nucleic acid sequence, the 
targets. The different specific primer sequences are complementary 
to their respective different target sequences immediately adjacent 
to the single base to be detected 

the attachment of different capture molecules to the 5' end of the 
different specific primers 

the hybridization. In solution, of these different specific primers 
to their different respective target nucleic acid sequences 
the addition of the solution of all four types of dideoxyribo- 
nucleotlde (eg, ddATP, ddCTP, ddGTP, ddTTP) and either a DNA 
dependent DNA polymerase <1f all the targets are DNA) or a RNA 
dependent DNA polymerase Of all the targets are RNA) or both (1f the 
targets are a mixture of both DNA and RNA) under conditions suitable 
for the enzymatic extension of the different specific primers. Each 
dldeoxyrlbonucleotlde has covalently attached to 1t a different 
detector molecule. 

the polymerase enzyme extends the different specific primers using 
the different target nucleic acid sequences as templates adding only 
one molecule of one of the dideoxyrlbonucleotldes 
the reaction can be heat denatured and the cycle repeated to amplify 
the amounts of extended different specific primers 
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the specific affinity molecules (with specific affinity for the . 
different respective capture molecules and are attached" to solid 
supports such as "test strips") are added to the solution under 
conditions conducive to the binding of the different capture 
molecules to the different specific affinity molecules 
once the different extended specific primers are attached to their 
specific affinity molecule-solid support complexes via the different 
capture molecules, each different complex Is removed individually 
with the appropriate test strip which subsequently is washed 
extensively under high stringency conditions 
at the conclusion of the washing step, one of the test strips 1s 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the assay 
Indicates that the detector molecule 1s present on the test strip 
then this 1s Indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule Is 
present In the test sample. If the assay Indicates that no detector 
molecule is present on the test strip then tbis is indicative; that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule 1s not present 1n the test sample 
the procedure of the last step Is repeated for each of the test strips 
5. Apparatus for Carrying out Met hods of the Invention 

Referring to Fig. 5 apparatus 100 Is generally suitable for carrying 
out the methods of the Invention according to non-automatic or automatic 
procedures. The extending and separation prpcedures take plac^ xfthin 
removable reactor 10 which is disposed within support vessel i i . Vessel 11 
is temperature controlled by thermo-controlled jacket 12. , Tha contents of 
reactor 10 are mixed by shaking vessel 11 using shaker 13. The base of 
reactor 10 has specific porosity membrane H supported by membrane, support 
15. Reactor 10 is supported in vessel 11 by support for removable' rfeajctor 
21. 

Sample material, primer(s) and extending reagents are delivered to 
reactor 10 from their respective vessels 16, 17 and 18. Primer annealing 
and extension are permitted to occur for an appropriate period under ?gentle 
mixing and fixed temperature conditions. This reaction creates an extended 
primer having a detectable element and separation element provided the- 
sample has a specific polynucleotide sequence for which, the primer hast a 
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sequence complementary to part of the specific polynucleotide sequence. 

Subsequently specific affinity molecule(s) (SAM(S>) attached to an 
Inert support for the separation element are added to reactor 10 from SAM 
supply vessel 19 and allowed to react with extended primer for an 
appropriate period. Unreacted reagents, buffer and unextended prlmer(s) 
are then removed to waste container 25 via vacuum line 25, having 
associated vacuum pump 24, attached to the base of support vessel 11 whilst 
extended prlmer(s) having attached SAM(S) are retained 1n reactor 10 by 
membrane 14. The retained primer- SAM complexes are washed with wash 
reagent supplied from vessel 22 to remove background and thereby create the 
first fraction 1n reactor 10. The first fraction is then examined for the 
presence of detectable element with detector 23. Typically, the detectable 
element Is a radioactive element such as 32 P and detector 23 Is a 
scintillation counter. 

If the assay Indicates that the detector molecule 1s present then 
this 1s Indicative that the specific nucleotide sequence Is present 1n the 
test sample. If the assay Indicates that no detector molecule 1s present 
then this is Indicative that the specific nucleotide sequence Is not 
present in the test sample. 

Example 1 

In this example of the detection of a specific polynucleotide 
sequence, the method depicted 1n Fig. 1 was used for the detection of the 
single stranded genomic DNA of the bacteriophage M13. 

1. Synthesis of the syn thetic primer . 

A 17-mer DNA complementary to M13 ssDNA was synthesized on an Applied 
Blosystems DNA Synthesizer. 

The 17-mer had the nucleotide sequence: 

3 • -T-G-A-C-C-G-G-C-A-G-C-A-A-A-A-T-G- 5 ' 

This primer Is not only complementary to M13 single-stranded DNA but 
also to i.ie bacterial double-stranded DNA plasmid, pUC12. 

2. Attachment of the primer to cellulose. 

The method of Ashley and MacDonald (1984) was used to attach the 
primer to ABM-cellulose. The amino benzyl oxymethyl (ABM) groups on ABM 
cellulose were diazotized to form diazobenzyloxymethyl-cellulose 
(DBM-cellulose). The specific primer was attached to the DBM-cellulose. 
Approximately 40 p.g of specific primer was bound to 20 mg of cellulose. 
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M13 Lambda 

Template DNA (500 ng> 2.5ul IGul 

32 P labelled specific primer lOul I0u1 

DNA polymerase (Klenow; 1 un1t/ul lul lul 

B1ot1n-l6-dUTP (ImM) lul lul 

dCTP (1 mM) lul lul 

dGTP <1 mM> lul lul 

dATP (1 mM> lul lul 

NaCl (5 M) lul lul 

MgS0 4 (1 M> 0.5ul 0.5uT 

D1th1othre1tol (4 mM) 1.25ul 1.25ul 

Bovine serum albumin (1 mg/ml) 2.5ul 2.5ul 

Trls HC1, pH7.0 (1 M) 2.5ul 2.5ul 

ddH 2 0 24.75U1 25/25U1 



The reaction mix was Incubated at 37°C for 60 minutes. At the 
completion of the Incubation, the extended primer was precipitated with 
ethanol to remove unincorporated blotln-16-dUTP. To the reaction mix was 
added one volume (50ul> 5M ammonium acetate and 250ul ethanol, followed by 
brief mixing and Incubation at -20*C for one hour. The precipitate was 
collected by centrlfugatlon, dried briefly, resuspended 1n 50ul dciHgO and 
applied to a 200ul streptavldln/agarose column (containing 0.l2mg 
streptavldln) previously equilibrated with binding buffer (10 mM Tr1s HC1, 
pH7.5; 200 mM NaCl; 1 mM EDTA). The column was washed five times with 
500u1 each of binding buffer. The streptavldln/agarose was suspended In 
lml binding buffer to which was added 6ml of scintillation fluid $nd the 
mixture counted In a liquid scintillation counter. 

The results for the Ml 3 and the lambda systems were as follotfs: 
Tempi ate £pj} 

Ml 3 29,055 ; 

lambda 1 ,043 •■ 

The results demonstrate that the primer was specifically extended 
only 1n the presence of the homologous template, M13, but not extended 1n 
the presence of the non-homologous template, lambda. Further, blottn was 
Incorporated Into the extended primer. 
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Example 3 

In this example of the use of the Invention for the detection of an 
altered nucleotide base, the configuration shown 1n Figure 3c was used. 
The M13 sequence detected and the oligonucleotide primer sequence used were 
as follows: 

Ml 3 ssDNA 

3' .. . . TTTGCTGCCGGTCACGGTTCGAA . . .5' 
5' AAACGACGGCCAGTGCC 
Specific Primer 

The specific primer was syntheslsed using an oligonucleotide 
synthesiser. 

The reaction mix was set up as follows: 



500 ng M13mpl8 ssDNA 2.5(Xl 

0.8 pmoles specific primer 2.0u,l 

lOx reaction buffer 1.5u,l 

ddH 2 0 1 .0u-l 
This reaction mix was Incubated at S5°C for 10 minutes at which time 
the following were added: 

32 P dATP (3000 C1/mmole, 10 mCl/ml) . 0.5u,l 

32 P ddATP (3000 C1/mmole, 10 mC1/ml> T.5U.1 

DNA polymerase <Klenow> (1 un1t/u,l> l.ojil 



This reaction mix was incubated for a further 15 minutes at 25°C. 
The reaction was stopped by the addition of 4ul formamide dye (95* 
formamlde, 0.1% xylene cyanol, 0.1% bromophenol blue). The reaction mix 
was heated at 100*C for three minutes prior to loading on a 20% 
polyacryl amide gel and electrophore sing for 30 minutes at 30 mllliamps. 
The gel was then fixed 1n 10% acetic add, washed with ddH 2 0 and exposed 
to X-ray film at -80'C for 12 hours. 

The resulting autoradlograph (Figure 4) exhibited only one band of 18 
nucleotides In length. Thus the primer had been extended by only one 
nucleotide by the incorporation of a labelled adenine residue and thus 
detecting a specific single nucleotide In a nucleic add sequence. 

Example 4 

In this example of the detection of a specific polynucleotide 
sequence, the method of Fig. 2a was used for detection of the single 
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stranded genomic DNA of the bacteriophage M13. ' * ■ ■ v 

1. Synthesis of the synthetic primer 

A 25-mer DNA complementary to MIS ssDNA was synthesized > by Clontec 

(USA) . . ' 

The 25-mer had the nucleotide sequence ; • - 

5'-X ACG TTG TAA AAC GAC GGC CAG TGC C-3' i 

where X Is blotln covalently attached to a modified nucleotide. 

2. Hybridisation and primer extension 

The primer was mixed with buffer containing either Ml 3 DNAtx target) 
or herring sperm DNA (control) and extended using DNA Polymerase I (Klenow 
fragment). 

Reaction conditions were as follows: 

50 mM Tr1s pH 7.5 

10 mM MgCl 2 ■ t 

4 mM DTT ' , 

100 mM NaCl - -y 

50 ug/ml bovine serum albumin 

0.02 mM each dATP, dGTP, dTTP 

1 CI 32 P dCTP 

742.5ng/50ul Ml 3 or herring sperm DNA 
25.8ng/50ul b1ot1n-pr1mer 

0.5 units DNA polymerase I, Klenow fragment. w - 
The reaction mixes were Incubated at 37*C for 60' and terminated by 
precipitation and washing. 

Precipitation was carried out by addition of 5M ammonium acetate, 
calf thymus DNA as carrier and ethanol. Pellets collected by, . . 
centrlfugatlon were washed with 70% ethanol until washings contained less 
than 500 cpm. 

Washed pellets were then dissolved In binding buffer consisting pf 
200mM NaCl, lOmM Tris pH 7.5, lmM EDTA and applied to a column of 
streptavldln-agarose. Columns were washed with several volumes; of buffer 
and counts bound to streptavldln agarose (SA) were measured, with the 
following results: 

Target cpm bound to SA 

Ml 3 11,939 

Herring Sperm 83 

The results demonstrate that only primers extended in the presence of 
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target M13 DNA result In significant radioactivity being bound to the 
column. 

Industrial Applicability 
The method of the Invention can be readily used In the following 
applications: 

a) the simple, rapid, sensitive and automatable detection of 
Infectious diseases of humans, animals and plants; 

b) the specific, rapid and large scale detection of base changes in 
nucleic add sequences, particularly 1n the detection of gene 
defects and DNA fingerprinting; 

c> kits for use with the above applications; and 

d> automated equipment for use with the above applications. 
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b) 



A method for detecting a specific polynucleotide sequence 
in a material comprising: . 

exposing said material to an oligonucleotide primer 
having a sequence complementary to part of said specific 
polynucleotide sequence wherein said primer binds to part 
of said polynucleotide sequence when present in said 
material ; 

extending primer bound to the. polynucleotide sequence 
wherein any extended primer includes a detectable element 
or a separation element; 

separating any extended primer into a fraction wherein 
said fraction does not have detectable element not 
included in said extended primer; and 

determining whether any extended primer .is, present . in 
said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer is 
indicative of the presence of the specific polynucleotide 
sequence in said material and the- absence of said 
extended primer in said fraction is indicative t of the 
absence of the specific polynucleotide sequence in said 
material. 

A method for detecting a specific polynucleotide sequence 
m a material comprising: .♦ 

exposing said material to an oligonucleotide primer 
having a sequence complementary to part of. said specific 
polynucleotide sequence wherein said primer binds to part 
of said polynucleotide sequence when present in said 
material; 

extending primer bound to the polynucleotide sequence 
wherein any extended primer includes a detectable element 
and a separation element; 

separating detectable element not . included in said 
extended primer from any extended primer wherein any 
extended primer is separated into a fraction; and 

determining whether any extended primer is present in 
said fraction by assaying said fraction for said 
detectable element wherein the presence of said 
detectable element is indicative of the presence of the 
specific polynucleotide sequence in said material and 
the absence of said detectable element in said fraction 
is indicative of the absence of th& »- specific 
polynucleotide sequence in said material- 
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3. A method for detecting at least two different specific 

polynucleotide sequences in material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different 
oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to part of 
one of said different specific polynucleotide sequences 
when present in said material each of said 
oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to the other of said 
oligonucleotide primer(s); 

b) extending said different oligonucleotide primers bound 
to their different specific polynucleotide sequences 
wherein any extended primer includes a detectable element 
or a separation element; 

c) separating any extended primers into at least one 
fraction wherein said fraction (s) does not have 
detectable element not included in said extended 
primer (s) ; and 

d) determining whether any extended primers are present in 
said fraction (s) by assaying said fraction (s) for at 
least one of said extended primers wherein the presence 
of said extended primer (s) is indicative of the presence 
of at least one of the different specific polynucleotide 
sequences in said material and the absence of said 
extended primer (s) in said fraction (s) is indicative of- 
the absence of at least one different specific 
polynucleotide sequence in said material. 



4. A method for detecting at least two different specific 

polynucleotide sequences in material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 
binding to part of a different specific polynucleotide 
sequence to that of the other oligonucleotide primers; 
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b) extending said different oligonucleotide primers bound 
to their complementary polynucleotide sequences wherein 
any extended primer includes a detectable element and a 
separation element; 

c) separating detectable element not included in said 
extended primers from any extended primers wherein any 
extended primers are separated into at, least one 
fraction; and 

3) determining whether any extended primers are present in 

said fraction (s) by assaying said fraction (s) for said 
detectable element (s) wherein the presence, of said 
detectable element (s) is indicative of the presence of 
at least one of the different specific «polyhucleotide 
sequences in said material and absence of said detectable 
element(s) in a fraction(s) is- indicative ,of. the absence 
of at least one different specific polynucleotide 
sequence in said material- 



s' A method for detecting whether a specific nucleotide or 

base is at a particular position in "aV specific 
polynucleotide sequence in material comprising: u 

a ) exposing said material to an oligonucleotide primer 

having a sequence complementary " to part of the specific 
polynucleotide sequence wherein said primer binds to part 
of said specific polynucleotide sequence in s&id material 
immediately adjacent to the particular position; 

*>) extending primer bound to the specific polynucleotide- 

sequence with the proviso that the bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or , base is at the 
particular position in the specific polynucleotide 
sequence wherein the extended primer has a Ketectable 
element and/ or a separation element at a position 
complementary to said specific nucleotide or base; 

c ) separating any extended primer into a fraction wherein 
said fraction does not have- detectable element not 
included in said extended primer; and 

d ) determining whether any extended primer is present in 
said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer 
indicates that the specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence and the absence of said extended primer 
indicates that the specific nucleotide or base is not at 
the particular position in the specific polynucleotide 
sequence. 
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6. A method for detecting whether the same or different 

specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) exposing said material to at least two different 
oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 
binding to part of a different specific polynucleotide 
sequence to that of the other primer (s) and wherein each 
of said primers binds to its complementary specific 
polynucleotide sequence in said material immediately 
adjacent to the particular position; 

b) extending said different oligonucleotide primers bound 
to their complementary polynucleotide sequences with the 
proviso that each of the bound primers is only extended 
up to and including the particular position when said 
specific nucleotide or base is at the particular position 
in the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a 
separation element at a position complementary to said 
specific nucleotide or base; 

c) separating any extended primer (s) which has extended only 
up to a specific nucleotide or base at a particular 
position into at least one fraction wherein said fraction- 
does not have detectable element not included in said 
extended primer; and 

d) determining whether at least one extended primer is 
present in said fraction (s) by assaying said fraction (s) 
for said extended primer (s) wherein the presence of an 
extended primer indicates that a specific nucleotide or 
base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended 
.primer (s) in a fraction (s) indicates that at least one 
specific nucleotide or base is not at a particular 
position in at least one different specific 
polynucleotide sequence. 



WO 90/09455 



45 



PCr/A^90AMJ058 



7. A method for detecting whether a specific nucleotide or 

base is at' a particular position in. a specific 
polynucleotide sequence in material comprising : 

a) exposing said material to an oligonucleotide primer 

having a sequence complementary to part of the specific 
polynucleotide sequence wherein said primer binds,- to part 
of said specific polynucleotide sequence in said material 
not immediately adjacent to • the particular; 'position 
whereby there is an intervening sequence between the 
particular position and primer bound to the specific 
polynucleotide sequence; 

k) extending bound primer with the proviso that the bound 

primer is only extended up to and including said specific 
nucleotide or base when said specific nucleotide or base 
is at the particular position in the specific 
polynucleotide sequence wherein the extended '.primer has 
a detectable element and/or a separation element at a 
position "complementary to said specific nucleotide or 
base with the proviso that the intervening sequence 
cannot be one where bases or nucleotides complementary 
to the intervening sequence and which are incorporated 
into the extended primer cause incorporation of an 
interfering detectable and/ or separation element? 

c ) separating any extended primer which has extended only 
up to a specific nucleotide or base at a particular 
position into a fraction wherein said fraction does not 
have detectable element not included- in said extended 
primer; and 

d ) determining whether any extended primer is present in 
said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer 
indicates that the specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence and the absence of said extended primer 
indicates that the specific nucleotide or base is not at 
the particular position in the specific polynucleotide 
sequence. • . 

8 • A method for detecting whether the same or different 

specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
seguences in material having a plurality of different 
polynucleotide sequences comprising: 

a ) exposing said material to at least two different 

oligonucleotide primers each of satid different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
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complementary polynucleotide sequence not immediately 
adjacent to the particular position whereby there is an 
intervening sequence between the particular position and 
primer bound to the specific polynucleotide sequence when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer (s) ; 

(b) extending said different oligonucleotide primers bound 

to their complementary polynucleotide sequences wherein 
each of the bound primers is only extended up to and 
including the particular position when said specific 
nucleotide or base is at the particular position in the 
specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/ or a 
separation element at a position complementary to said 
specific nucleotide or base with the proviso that the 
intervening sequences cannot be ones where bases or 
nucleotides complementary to the intervening sequences 
and which are incorporated into the extended primer (s) 
cause incorporation of interfering detectable and/or 
separation element(s); 

c) separating any extended primer which has extended only 
up to a specific nucleotide or base at a particular 
position into at least one fraction wherein said 
fraction (s) does not have detectable element not included 
in said extended primers; and 

d) determining whether any extended primers are present in 
said fraction (s) by assaying said fraction (s) for said 
extended primer (s)s wherein the presence of an extended 
primer (s) indicates that at least one specific nucleotide 
or base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended 
primer (s) in a fraction indicates that at least one 
specific nucleotide or base is not at particular 
positions in at least one different specific 
polynucleotide sequence. 



9. The method of claim 1 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

10. The method of claim 2 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP , dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 
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The method of claim 3 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP , dCTP, dGTP, dTTP, duTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 4 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, SITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP-. 

The method of claim l wherein said extending, comprises 
using four different nucleotides selected frora^- the • group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 2 wherein said extending comprises 
using four different nucleotides selected from the. group 
consisting of dATP, dCTP, dGTP, 'dTTP, duTP, dITP," ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 3 wherein said extending comprises 
using four different nucleotides selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 4 wherein said extending comprises 
using four different nucleotides selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 5 wherein said extending comprises 
using one nucleotide selected from the group consisting 
of dATP, dCTP, dGTP, dTTP , duTP,' dTTP, ddlTP , ddATP , 
ddCTP, ddGTP and ddTTP. 

The method of claim 5 wherein said extending comprises 
using one nucleotide selected from the group consisting 
of ddlTP, ddATP, ddCTP, ddGTP and ddTTP % 

The method of claim 6 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP < 
ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 6 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTP. 

The method of claim 7 wherein said extending comprises 
using one nucleotide selected from the group consisting 
of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, 
ddCTP, ddGTP and ddTTP. ■< ■ ■ 
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22. The method of claim 8 wherein said extending comprises 

using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

23 . The method of any one of claims 9 to 22 wherein at least 

one of said nucleotides has a detectable element. 

24. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a separation element. 

25. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has separation and detectable 
elements . 

26. The method of any one of claims l to 8 wherein the 
oligonucleotide primer incorporates a detectable element. 

27. The method of any one of claims 1 to 8 wherein the 
oligonucleotide primer incorporates a separation element. 

28. The method of any one of claims 1 to 8 wherein the 
oligonucleotide primer incorporates detectable and 
separation elements. 

29. The method of any one of claims 1 to 8 wherein any 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the separation 
element, said molecule being linked to a support that 
facilitates said separating; and separating said 
contacted extended primer (s) to provide said fraction. 

30. The method of any one of claims l to 8 wherein any 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the separation 
element; and separating said contacted extended primer (s) 
to provide said fraction wherein said separation element 
and said molecule are selected from the group listed as 
follows: 
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(a) 

(b) 
(c) 
(d) 

(e) 

<£) 

(g) 

(h) 

(i) 
(j) 

31. 



a ligand for which 
there is a receptor 

a receptor; 

an antigen; 

an antibody for an 
antigen 

an antiidiotypic 
antibody 

an antibody for an 
antiidiotypic antibody; 

a haptenic group; 

an antibody for a 
haptenic group; 

an enzyme; 
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Molecule Having Aff in ity for 
Separation E3«».iM»n+f^^ 

a receptor for the ligand; 

the ligand for the receptor; 
an antibody for theantigen; 
the antigen; 



an antibody for the 
antiidiotypic antibody; 

an antiidiotypic antibody 
for the antibody 

an antibody for the haptenic 
group; 

the haptenic group 

a binding inhibitor for the 
enzyme; and 



a binding inhibitor the enzyme, 

for an enzyme; 

The method of any one of claims 1 to 8 wherein anv 
slltritLS r *Z er include * a separation elem*nt and s ?d 
separating step comprises: contacting any extended primer 

SSSF^ P?ovi| 6 eP sa?d in frac?Jon 
seized tiL VP tlQ n element and sa'id molecule are 
selected from the group listed as follows: 
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Separation Element; 

(a) a ligand for which 
there is a specific 
receptor 

(b) a specific receptor; 

(c) an antigen; 



(d.) a specific antibody 

for an antigen; 



(e) an antiidiotypic 

antibody 



(f) an antibody for an 

antiidiotypic antibody ; 



(g) a haptenic group; 



(h) a specific antibody 

for a haptenic group; 



an enzyme ; 



Molecule Having Affinity fnr 

Separation Element 



a specific receptor for the 
ligand; 



the ligand for the specific 
receptor; 



a specific antibody for 
the antigen; 



the antigen; 



a specific antibody for the 
antiidiotypic antibody; 



an antiidiotypic antibody 
specific for the antibody 



a specific antibody for the 
haptenic group; 



the haptenic group 



a tight binding inhibitor- for 
the enzyme; and 



(j) a tight binding 

inhibitor for an enzyme; 



the enzyme. 



The method of any one of claims 1 to 8 wherein the 
specific polynucleotide sequence (s) is a DNA sequence. 

The method of any one of claims 1 to 8 wherein the 
specific polynucleotide sequence (s) is an RNA sequence. 

The method of any one of claims 1 to 4 wherein the 
specific polynucleotide sequence (s) is from an infectious 
or disease causing organism. 

A kit for detecting a specific polynucleotide sequence 
in a material comprising: 

a) an oligonucleotide primer having a sequence complementary 
to part of said specific polynucleotide sequence; 

b) polymerase enzyme for extending the oligonucleotide 
primer ; 
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c) at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP , dTTP, dUTP, dIQ3P, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP; and 

d) a detectable element and/ or separation element which is 
optionally attached to the oligonucleotide primer or one 
or more of the nucleotides. 

A kit for detecting at least two different specific 
polynucleotide sequences in a material having a plurality 
of different polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers each 
of said primers having a sequence complementary to part 
of one of said specific polynucleotide sequences; 

b) a polymerase enzyme (s) for extending the different 
oligonucleotide primers; 

c) at least one nucleotide selected from " the group 
consisting of dATP, dCTP, dGTP , dTTP , dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP; and 

d) a detectable element and/ or separation element 

which is optionally attached to the oligonucleotide 
primers or one or more of the nucleotides. 

A kit for detecting whether a specific nucleotide or base 
is at a particular position in a specific polynucleotide 
sequence in a material comprising: 

a) an oligonucleotide primer having a sequence complementary 
to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specif ic polynucleotide 
sequence immediately adjacent to the particular position; 

b) a polymerase enzyme for extending the oligonucleotide 
primer; 

c) one nucleotide selected from the group consisting of 
dATP, dCTP, dGTP , dTTP, dUTP, dITP, ddlTP, ddATP , ddCTP , 
ddGTP and ddTTP with the proviso that said nucleotide is 
selected whereby bound primer is only extended up to and 
including said specific nucleotide or base; when, said 
specific nucleotide or base is at the particular position 
in the specific polynucleotide sequence; and 
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a detectable element and/or separation element whereby- 
extended primer has a detectable element and/or a 
separation element at a position complementary to said 
specific nucleotide or base and a detectable and/or 
separation element optionally attached to the 
oligonucleotide primer. 

A kit for detecting whether the same or different 
specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

at least two different oligonucleotide primers 
each of said primers having a sequence 
complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers 
binds to its complementary polynucleotide sequence when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer (s) 
and wherein each of said primers binds to its 
complementary specific polynucleotide sequence in said 
material immediately adjacent to the particular position; 



a polymerase enzyme (s) for extending the different 
oligonucleotide primers; 

at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, 
ddATP, ddCTP, ddGTP and ddTTP with the proviso that said- 
nucleotide is selected whereby bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence ; and 

at least one detectable element and/or separation element 
whereby each extended primer has a detectable element 
and/or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and/or separation element optionally attached to the 
oligonucleotide primer. 

A kit for detecting whether a specific nucleotide or base 
is at a particular position in a specific polynucleotide 
sequence in a material comprising: 

an oligonucleotide primer having a sequence complementary 
to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide 
sequence not immediately adjacent to the particular 
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position whereby there is an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence; 

b) a polymerase enzyme for extending the oligonucleotide 
primer; 

c) one nucleotide selected from the group consisting of 
dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, d'dATP, ddCTP, 
ddGTP and ddTTP with the proviso that said nucleotide is 
selected whereby bound primer is only extended up to and 
including said specific nucleotide or base when said 
specific nucleotide or base is at the particular position 
in the specific polynucleotide sequence with the proviso 
that the intervening sequence cannot be one where bases 
or nucleotides complementary to the intervening sequence 
and which are incorporated into the extended primer cause 
incorporation of an interfering detectable and/ or 
separation element; and 

d) a detectable element and/ or separation element whereby 
extended primer has a detectable element and/or a 
separation element at a position complementary to said 
specific nucleotide or base and a detectable and/or 
separation element optionally attached to the 
oligonucleotide primer. 

40. A Kit for detecting whether the same or different 

specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers 
each of said primers having a sequence 
complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers 
binds to its complementary polynucleotide se/juence when 
present in said material each of said olig-onucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer (s) 
and wherein each of said primers binds to its 
complementary specific polynucleotide sequence in said 
material not immediately adjacent to the particular 
position whereby there is an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence; 

b) a polymerase enzyme(s) for extending the different 
oligonucleotide primers; 



at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, 
ddATP, ddCTP, ddGTP and ddTTP with the proviso that said 
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nucleotide is selected whereby bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence with the proviso that the intervening sequences 
cannot be ones where bases or nucleotides complementary 
to the intervening sequences and which are incorporated 
into the extended primer (s) cause incorporation of an 
interfering detectable and/ or separation element (s) ; and 

d) at least one detectable element and/ or separation element 
whereby each extended primer has a detectable element 
and/or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and/or separation element optionally attached to the 
oligonucleotide primer. 

41. An apparatus for performing the method of any one of 

claims l to 8 comprising: 

a reactor; 

means for adding oligonucleotide primer and reagents for 
extending said primer to said reactor, said means for 
adding being operatively associated with the reactor; 

means for separating extended primer into at least one 
fraction(s) and for holding said fraction(s), said means 
for separating being operatively associated with the 
reactor; and 

a detector for detecting the presence of any extended 
primer(s) in said fraction(s), said detector being- 
operatively associated with said means for separating. 
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42. A screening method for detecting the presence of at least -iwp 
different specific polynucleotide sequences In material "haying a 
plurality of different polynucleotide sequences comprf sfrfg: .... 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences, when 
present In said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide primer<s>; 

b> extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer includes a detectable element and/or a separation 'element; 

c) separating any extended primers Into a fraction wherein said fraction 
does not have detectable element not Included : 1n said e'xtencfed 
primer (s) ; and • . * 

d) determining whether any extended primers are present 1n said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of any one of said extended primers is indicative of the 
present of at least one of the different specific polynucleotide 
sequences in said material and the absence of all of said extended 
primer<s) 1n said fraction is indicative of the absence of all of the 
different specific polynucleotide sequences 1n said material'. 

43. A screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions in at least 
two different specific polynucleotide sequences in material having a 
plurality of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having.' a 
sequence complementary to part of one of said different .spjcff 1c 
polynucleotide sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in said material 
each of said oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to that of the other primes? and 
wherein each of said primers binds to Its complementary 'specific 
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polynucleotide sequence in said material Immediately adjacent to the 
particular position; 

b) extending said different oligonucleotide primers bound to their 

complementary polynucleotide sequences with the proviso that each of 
the bound primers is only extended up to and Including the particular 
position when said sp ciflc nucleotide or base 1s at the particular 
position In the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; 

c> separating any extended prlmer(s) which has extended only up to a 

specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not- included 
in said extended primer; and 

d) determining whether at least one extended primer 1s present In said 
fraction by assaying said fraction for all of said extended primers 
wherein the present of an extended primer Indicates that at least one 
specific nucleotide or base 1s at a particular position in a specific 
polynucleotide sequence and the absence of all said extended primers 
in said fraction indicates that at least one specific nucleotide or 
base 1s not at a particular position in any of the different specific 
polynucleotide sequences. 

44. A screening method for detecting whether the same or different 

specific nucleotides or bases are at partlcutar positions in at least 
two different specific polynucleotide sequences In material having a 
plurality of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not Immediately adjacent to the 
particular position whereby there is an Intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present In said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of . the other primer(s); 

b) extending said different oligonucleotide primers bound to their 
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complementary polynucleotide sequences wherein each of the bound 
primers Is only extended up to and Including the particular position 
when said specific nucleotide or base 1s at the particular position 
In the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
Incorporated Into the extended pr1mer(s) cause Incorporation of 
Interfering detectable and/or separation element(s); 

c> separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not Included 
In said extended primers; and 

d> determining whether any extended primers are present In said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer Indicates that at least , one 
specific nucleotide or base Is at a particular position 1n a- specific 
polynucleotide sequence and the absence of any extended primer 
indicates that a specific nucleotide or base Is not at a particular 
position 1n any of the different specific polynucleotide sequences. 
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searched by this Authority, namely: 



2. [] Claia numbers . .., because they relate to parts of the international application that do 
not comply with the prescribed requirements to such an extent that no meaningful 
international search can be carried out, specifically: 



| 3.C3 Claia numbers because they are dependent claims and are not drafted in accordance 

| with the second and third sentences of PCT Rule 6.4 (a) J 

| VI. [] OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 2 

j This International Searching Authority found multiple inventions in this international application 
] as foLlows; 



1. 11 As all required additional search fees were timely paid by the applicant, this international 

search report covert all searchable claims of thai International application. 

2. 12 A» only aome of the required additional search feet were timely paid by the applicant, this 

international search report covert only those claims of the international application for 
which feet were paid, specifically claims: 



No required additional search fees were timely paid by the applicant 
international search report is restricted to the Invention first mer 
it 1s covered by claim number*: 



As all searchable dales could be searched without effort justifying an additional fee, 
the International Searching Authority did not invite payment of any additional fee. 



lark on Protest 

The additional search fees were accompanied by applicant's protest. 
No protest accompanied the payment of additional search fees. 
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INTERNATIONAL APPLICATION NOT~PCT7aU 90/00058 



This Annex lists the known "A" publication level patent family members 
relating to the patent documents cited in the abovennentioned 
international search report. The Austral Ian Patent Office is in no way- 
liable for these particulars which are merely given for the purpose pf 
information. 
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